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Abstract 

Background:  The objective of this study was to investigate the impact of sodium glucose cotransporter type 2 
(SGLT2) inhibitors on left ventricular (LV) diastolic function of type 2 diabetes mellitus (T2DM) patients with heart 
failure (HF).

Methods:  This trial was a prospective multicenter study of 58 T2DM patients with stable HF at five institutions in 
Japan. Patients who had been taking at least one antidiabetic drugs other than SGLT2 inhibitors started the adminis‑
tration of 5 mg/day of dapagliflozin. The physical examinations, blood tests, and echocardiography were performed at 
baseline and 6 months after administration of dapagliflozin. The primary endpoint was defined as a change in mitral 
inflow E and mitral e′ annular velocities (E/e′) between baseline and 6 months after the administration of dapagliflo‑
zin. The secondary end points consisted of a change in brain natriuretic peptide (BNP), LV mass index (LVMI) and left 
atrial volume index (LAVI).

Results:  E/e′ significantly decreased from 9.3 to 8.5 cm/s (p = 0.020) 6 months after administration of dapagliflo‑
zin. LAVI and LVMI significantly decreased from 31 to 26 mL/m2 (p = 0.001), and from 75.0 to 67.0 g/m2 (p < 0.001), 
respectively, 6 months after administration of dapagliflozin. No significant change was observed in BNP (from 27.9 to 
28.9 pg/mL; p = 0.132) 6 months after administration of dapagliflozin, except for a significant decrease from 168.8 to 
114.3 pg/mL (p = 0.012) in patients with BNP ≥ 100 pg/mL.

Conclusion:  This prospective multicenter trial showed the beneficial effect of SGLT2 inhibitors on LV diastolic 
functional parameters for T2DM patients with HF. Our findings may thus offer a new insight into the management of 
T2DM patients.
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Introduction
Type 2 diabetes mellitus (T2DM) is a major cause of 
heart failure (HF), both with reduced ejection fraction 
(HFrEF) and with preserved ejection fraction (HFpEF), 
as well as cardiovascular disease [1, 2]. Sodium glu-
cose cotransporter type 2 (SGLT2) inhibitors are a new 
class of anti-hyperglycemic agents for T2DM, which act 
insulin independently to selectively inhibit renal glu-
cose reabsorption, thereby increasing urinary glucose 
excretion [3]. Large, rigorously conducted clinical tri-
als using an SGLT2 inhibitor, such as empagliflozin for 
the EMPA-REG OUTCOME trial [4] and canagliflozin 
for the CANVAS Program, [5] found that patients with 
T2DM at high risk of cardiovascular events derived 
cardiovascular benefits from the SGLT2 inhibitor as 
compared with from a placebo. In addition, SGLT2 
inhibitors have the potential to improve cardiovascular 
risk profiles, including lower blood pressure and weight 
loss, as well as to reduce glycated hemoglobin levels in 
T2DM patients [4–7]. Findings of a large clinical trial 
to evaluate the effects of dapagliflozin, another SGLT2 
inhibitor, on cardiovascular outcomes, DECLARE 
TIMI-58 [8], have not been published yet. This trial is 
being conducted with a broad range of T2DM patients 
with either established cardiovascular disease or mul-
tiple cardiovascular risk factors. In other studies, left 
ventricular (LV) diastolic function was found to be 
strongly associated with HFpEF, or possibly with HF 
with mid-range ejection fraction (HFmrEF) [9]. In addi-
tion, LV diastolic dysfunction was identified as an inde-
pendent predictor of outcome even for patients with 
HFrEF [9, 10]. Interest has therefore been growing in 
the utility of SGLT2 inhibitors for the improvement of 
cardiovascular outcomes for T2DM patients with high 
risk of cardiovascular events as a potential means for 
better management of T2DM patients. However, the 
impact of SGLT2 inhibitors including dapagliflozin on 
the LV diastolic function of T2DM patients with HF 
remains unclear.

The objective of this study was, therefore, to investigate 
the impact of dapagliflozin on the LV diastolic function 
of T2DM patients with stable HF.

Methods
This trial was a prospective multicenter study to investi-
gate the effect of SGLT2 inhibitors (dapagliflozin) on LV 
diastolic functional parameters of T2DM patients with 
stable HF at five institutions in Japan. The trial was reg-
istered with the University Hospital Medical Information 
Network (UMIN) Clinical Trials Registry (registration 
number UMIN000019789), and conforms to the princi-
ples outlined in the Declaration of Helsinki.

Study population
Participants enrolled in this prospective trial were 58 
T2DM patients with stable HF who had been taking at 
least one antidiabetic drugs other than SGLT2 inhibitors 
for more than 1 year between December 2015 and March 
2016 at the participating centers. All patients had a previ-
ous history of HF, but they were in clinically stable condi-
tion at the time of enrollment, defined as an exacerbation 
of HF symptoms for at least 6  months. Patients were 
excluded from enrolment study if they met any of the fol-
lowing criteria: (1) age < 20 and > 75 years; (2) type I DM; 
(3) T2DM with HbA1c < 6.5% and > 10.0%; (4) insulin-
dependent T2DM; (5) serious renal dysfunction defined 
as glomerular filtration rate < 45  mL/min/1.73  m2; (6) 
hypotension < 90/50  mmHg; (7) malignancy; (8) poor 
nutritional status; and (9) atrial fibrillation. The diagno-
sis of T2DM was based on the World Health Organiza-
tion criteria [11]. According to the current guideline [10], 
patients were subsequently categorized as HFrEF, HFpEF 
or HFmrEF if their LVEF was < 40%, ≥ 50% or 40–49%, 
respectively. The protocol was approved by the institu-
tional review board at each of the participating institu-
tions, and written informed consent was obtained from 
all patients.

Study protocol
Stable HF patients who had been taking at least one anti-
diabetic drugs other than SGLT2 inhibitors and who had 
consented to their participation in this study, started the 
administration of dapagliflozin of 5 mg/day. Other drugs 
were not changed after the start of administration of 
dapagliflozin. The physical examinations and blood tests 
were performed at baseline, 3  months, and 6  months 
after administration of dapagliflozin. Echocardiography 
was performed at baseline and 6  months after admin-
istration of dapagliflozin. Only if the patient’s HbA1c 
had failed to improve by 3  months after administration 
of dapagliflozin, the dapagliflozin dose was raised from 
5 mg/day to 10 mg mg/day.

Echocardiographic examination
Echocardiography was performed with commercially 
available ultrasound systems comprising Aplio Artida, 
Aplio 400 and Xario (Canon Medical Systems, Tochigi, 
Japan), Vivid E9 (GE-Vingmed, Horten, Norway) and 
iE33 and EPIQ7 (Philips Medical Systems, Andover, MA) 
[12]. Standard echocardiographic measurements were 
obtained in accordance with the current guidelines of 
the American Society of Echocardiography/European 
Association of Cardiovascular Imaging [13]. Specifically, 
the early diastolic (E) and atrial wave (A) velocities and 
the E-wave deceleration time were measured by means 
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of pulsed wave Doppler recording from the apical four-
chamber view. Spectral pulsed-wave Doppler-derived 
early diastolic velocity (e′) was obtained by averaging the 
septal and lateral mitral annulus, and the E/e′ ratio was 
calculated to obtain an estimate of LV filling pressure. 
LV mass was estimated by using the formula proposed 
by Devereux et  al. [14], and the LV mass index (LVMI) 
was calculated by dividing LV mass by body surface area. 
LA volume was measured with the biplane Simpson’s 
method from the apical two-and four-chamber views, 
and the LA volume index (LAVI) was calculated by divid-
ing LA volume by body surface area.

Definitions of end point
The primary end point was defined as a change in E/e′ 
between baseline and 6 months after the start of admin-
istration of dapagliflozin. The secondary end points com-
prised a change in brain natriuretic peptide (BNP), LVMI 
or LAVI between baseline and 6 months after the start of 
administration of dapagliflozin.

Statistical analysis
Continuous variables were expressed as mean values and 
standard deviation for normally distributed data, and 
as the median and interquartile range for non-normally 
distributed data. Categorical variables were expressed 
as frequencies and percentages. Paired t tests or Wil-
coxon signed-rank test were used for group comparison 
between baseline and 6 months after the start of admin-
istration of dapagliflozin. For all steps, a p value of < 0.05 
was regarded as statistically significant. All analyses were 
performed with commercially available software (SPSS 
software version 24.0, SPSS Inc., Chicago, IL).

Results
Patient characteristics
Five initially eligible patients (8.6%) were excluded from 
all subsequent analyses because of lost follow-up prior 
to 6 months follow-up, so that the final study group con-
sisted of 53 patients. The baseline clinical and echocar-
diographic characteristics of the 53 T2DM patients are 
summarized in Table 1. Their mean age was 68 years (60–
73), LV ejection fraction (LVEF) was 62.3% (49.3–68.3, 
lowest: 20%, highest: 81%), and 21 patients (38%) were 
female. HFpEF was observed in 37 patients (69%), and 
the remaining 16 patients (31%) were classified as HFm-
rEF or HFrEF. In addition, 50 patients (94%) of patients 
were in New York Heart Association functional class I.

Comparison of patient characteristics at baseline 
and 6 months after administration of dapagliflozin
The clinical and echocardiographic characteristics 
of the 53 T2DM patients at baseline and 6  months 

Table 1  Baseline characteristics of patients

Clinical characteristics

 Age, years 68 (60–73)

 Gender (female), n (%) 21 (38)

 DM duration, years 7.0 (5.0–11.5)

 Body weight, kg 66.5 (56.8–76.9)

 BSA, m2 1.73 (1.57–1.90)

 Systolic blood pressure, mmHg 130 ± 16

 Heart rate, bpm 71 ± 12

 BNP, pg/mL 27.9 (9.0–58.2)

 BUN, mg/dL 14.7 (12.1–19.0)

 Creatinine, mg/dL 0.80 ± 0.20

 eGFR, mL/min/1.73 m2 70.6 ± 17.0

 HbA1c, % 6.9 (6.7–7.6)

 Hemoglobin, g/dL 13.7 ± 1.7

 Hematocrit,  % 41 ± 4.7

 Lipid profiles, mg/dL

  Triglycerides 127 (83.7–185)

  LDL cholesterol 98 (86–118)

  HDL cholesterol 51.5 (45.0–60.2)

 Uric acid, mg/dL 5.1 (4.4–5.9)

HF classification, n (%)

 HFpEF 37 (69)

 HFrEF 7 (13)

 HFmrEF 9 (17)

Comorbidities, n (%)

 Hypertension 43 (81)

 Dyslipidemia 42 (79)

 Cardiovascular event 12 (21)

Medications, n (%)

 CCB 19 (36)

 ACEI/ARB 42 (79)

 β-Blocker 27 (51)

 Diuretics 10 (19)

 Statin 37 (70)

 Antidiabetic drugs

  DPP-4I 40 (75)

  GLP-1 RA 1 (2)

  SU 11 (21)

  α-GI 9 (17)

  Thiazolidinedione 11 (21)

  Metformin 14 (26)

Echocardiographic parameters

 LV end-diastolic volume, mL 74.2 (55.1–104.1)

 LV end-systolic volume, mL 24.7 (17.0–54.5)

 LVEF, % 62.3 (49.3–68.3)

 LVMI, g/m2 75.0 (61.7–92.0)

 LAVI, mL/m2 31 (23–45)

 e′, cm/s 6.36 ± 1.73

 E/e′ 9.3 (7.7–11.8)

 E, cm/s 58.1 (46.8–70.9)
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after administration of dapagliflozin are summarized 
in Table  2. Body weight from 66.5  kg (56.8–76.9) to 
63.9  kg (56.2–75.6) (p < 0.001), respectively. HbA1c and 
systolic blood pressure tended to decrease 6  months 
after administration of dapagliflozin from 7.2 ± 0.8% 
at baseline to 7.0 ± 0.8% (p = 0.108) and from 130 ± 16 
to 128 ± 18  mmHg (p = 0.218), but the differences 
were not statistically significant. Furthermore, hemo-
globin, hematocrit and high-density lipoprotein cho-
lesterol showed significant increase from 13.7 ± 1.7 to 
14.4 ± 1.6 g/dL (p = 0.020), from 41.0 ± 4.7 to 43.8 ± 4.5% 
(p = 0.002) and from 51.5 mg/dL (45.0–60.2) to 52 mg/dL 
(42.8–65.0) (p = 0.049) 6 months after administration of 
dapagliflozin.

Primary end point
E/e′ showed significant decrease from 9.3 cm/s (7.7–11.8) 
to 8.5 cm/s (6.6–10.7) (p = 0.020) 6 months after admin-
istration of dapagliflozin (Fig. 1).

Secondary end point
The results for the secondary end point are shown in 
Fig.  2. LAVI and LVMI showed significant decreases 
from 31 mL/m2 (23–45) to 26 mL/m2 (21–32) (p = 0.001), 
and from 75.0 g/m2 (61.7–92.0) to 67.0 g/m2 (55.0–81.9) 
(p < 0.001) 6 months after administration of dapagliflozin, 
respectively (Fig. 2). No significant change was observed 
in BNP 6  months after administration of dapagliflozin 
from 27.9  pg/mL (9.0–58.2) at baseline to 28.9  pg/mL 
(9.6–62.9) (p = 0.132), but BNP significantly decreased 
from 168.8  pg/mL (144.3–465.3) to 114.3  pg/mL (98.3–
235.3) (p = 0.012) in T2DM patients with BNP ≥ 100 pg/
mL (Fig. 3). 

Discussion
The findings of our study indicate that LV diastolic func-
tion as assessed by E/e′ for T2DM patients with stable HF 
had significantly improved 6 months after administration 

of dapagliflozin. Other LV diastolic functional parameters 
such as LAVI and LVMI also improved 6  months after 
administration of dapagliflozin. In addition, BNP signifi-
cantly decreased in T2DM patients with BNP ≥ 100  pg/
mL.

Characteristics of HF in T2DM
Heart failure can be defined as a complex clinical syn-
drome that results from any structural or functional 
impairment of ventricular filling or ejection of blood. 
Its prevalence increases with age and involves comor-
bidities such as hypertension, overweight/obesity, 
and T2DM. Structural cardiac changes seen in T2DM 
include increased interstitial fibrosis, increased LV wall 

Data are mean ± SD for normally distributed data and median and interquartile 
range for non-normally distributed data, or n (%)

DM diabetes mellitus, BSA body surface area, BNP plasma brain natriuretic 
peptide, LDL low density lipoprotein, HDL high density lipoprotein, HFpEF heart 
failure with preserved ejection fraction, HFrEF heart failure with reduced ejection 
fraction, HFmrEF heart failure with mid-range ejection fraction, CCB calcium 
channel blocker, ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin 
II receptor blocker, DPP-4I dipeptidyl peptidase-4 inhibitor, GLP-1 RA glucagon-
like peptide-1 receptors agonists, SU sulfonylureas, α-GI α-glucosidase inhibitors, 
LVMI left ventricular mass index, LVEF left ventricular ejection fraction, LAVI left 
atrial volume index, E peak early diastolic mitral flow velocity, e′ spectral pulsed-
wave Doppler-derived early diastolic velocity from the septal mitral annulus

Table 1  (continued)

 A, cm/s 76.1 ± 17.8

 E/A 0.71 (0.6–0.80)

Table 2  Comparison of  variables between  baseline 
and 6 months after the administration of dapagliflozin

Data are mean ± SD for normally distributed data and median and interquartile 
range for non-normally distributed data, or n (%)

Abbreviation as in Table 1

Baseline 6 months p value

Clinical characteristics

 Body weight, kg 66.5 (56.8–76.9) 63.9 (56.2–75.6) < 0.001

 BSA, m2 1.73 (1.57–1.90) 1.72 (1.55–1.88) < 0.001

 Systolic blood pressure, 
mmHg

130 ± 16 128 ± 18 0.218

 Heart rate, bpm 71 ± 12 70 ± 11 0.610

 BNP, pg/mL 27.9 (9.0–58.2) 28.9 (9.6–62.9) 0.132

 BUN, mg/dL 14.7 (12.1–19.0) 17.2 (14.2–21.2) < 0.001

 Creatinine, mg/dL 0.80 ± 0.20 0.86 ± 0.23 < 0.001

 eGFR, mL/min/1.73 m2 70.6 ± 17.0 65.6 ± 15.3 0.001

 HbA1c, % 7.2 ± 0.8 7.0 ± 0.8 0.108

 Hemoglobin, g/dL 13.7 ± 1.7 14.4 ± 1.6 0.020

 Hematocrit, % 41.0 ± 4.7 43.8 ± 4.5 0.002

 Lipid profiles, mg/dL

  Triglycerides 127 (84–185) 116 (82–176) 0.155

  LDL cholesterol 98 (86–118) 106 (89–126) 0.078

  HDL cholesterol 51.5 (45.0–60.2) 52 (42.8–65.0) 0.049

 Uric acid, mg/dL 5.1 (4.4–5.9) 4.7 (4.2–5.7) 0.057

Echocardiographic parameters

 LV end-diastolic volume, 
mL

74.2 (55.1–104.1) 68.5 (54.8–93.8) 0.270

 LV end-systolic volume, 
mL

24.7 (17.0–54.5) 20.5 (15.2–57.1) 0.105

 LVEF, % 62.3 (49.3–68.3) 63.6 (55.3–71.0) 0.011

 LVMI, g/m2 75.0 (61.7–92.0) 67.0 (55.0–81.9) < 0.001

 LAVI, mL/m2 31 (23–45) 26 (21–32) 0.001

 e′, cm/s 6.36 ± 1.73 6.82 ± 1.88 0.031

 E/e′ 9.3 (7.7–11.8) 8.5 (6.6–10.7) 0.020

 E, cm/s 58.1 (46.8–70.9) 55.1 (45.3–73.7) 0.682

 A, cm/s 76.1 ± 17.8 75.6 ± 16.8 0.765

 E/A 0.71 (0.6–0.80) 0.70 (0.62–0.81) 0.818
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thickness, and often increased LV mass [15], alterations 
which contribute to, but are not a prerequisite to, the 
development of functional myocardial impairments. As a 
consequence, LV diastolic dysfunction is the classical and 
most frequently observed early LV functional abnormal-
ity in T2DM patients [16], and asymptomatic LV diastolic 

dysfunction has been detected in up to 75% of normoten-
sive DM patients without evident coronary artery disease 
[17]. The myocardial dysfunction in T2DM usually is 
progressive with an early asymptomatic phase where the 
heart hypertrophies, leading to LV diastolic dysfunction 
when LVEF has been preserved [18]. This is followed by 
a late stage, which is characterized by alteration in micro-
vasculature compliance, an increase in LV size, and a 
decrease in cardiac performance leading to symptomatic 
HF. Predictors for progression to the late stage, which 
may take several years, include comorbidities often seen 
in T2DM such as coronary artery disease, hypertension, 
overweight/obesity, and microvascular changes [19].

Impact of SGLT2 inhibitors on LV diastolic functional 
parameters
LV diastolic dysfunction is thought to be the underlying 
pathophysiological abnormality of patients with HFpEF 
and HFmrEF in particular, and thus its assessment plays 
an important role in diagnosis. In addition, it has been 
reported that LV diastolic dysfunction is independently 
associated with outcomes in patients with HFrEF as 
well as HFpEF or HFmrEF [9, 10]. SGLT2 inhibitors are 
associated with lower blood pressure and weight loss as 

Fig. 1  Result for primary end point, showing a significant decrease in 
E/e′ 6 months after administration of dapagliflozin

Fig. 2  Results for secondary end points show a significant decrease in LAVI and LVMI significant decreased 6 months after administration of 
dapagliflozin. No significant change was observed in BNP 6 months after administration of dapagliflozin
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well as a reduction in HbA1c levels, changes which in 
turn have a significant impact on LV function, so that 
SGLT2 inhibitors may ultimately have a potential ben-
eficial effect on LV diastolic function in patients with 
T2DM. In addition, it has recently reported that SGLT2 
inhibitors have a multifaceted effect on cardiac function 
including improvement in endothelial dysfunction and 
aortic stiffness [20], reduction in epicardial fat accumu-
lation [21] as well as in visceral adipocyte hypertrophy 
[22]. Such effects may well lead to improvement in LV 
diastolic function. Verma et al. reported on the effects of 
the SGLT2 inhibitor empagliflozin (10 mg/day) 3 months 
after its initiation in terms of objective measurements of 
cardiac structure and function observed in 10 patients 
with T2DM and established cardiovascular disease. This 
short-term empagliflozin treatment was associated with a 
significant reduction in LVMI and improved LV diastolic 
function as assessed in terms of e′ [23]. More recently, 
Matsutani et  al. performed a prospective single-center 
pilot study to evaluate the effects of canagliflozin on LV 
diastolic function in 37 T2DM patients with preserved 
LVEF [24]. They also found that LV diastolic function 
as assessed in terms of E/e′ and LVMI had significantly 
improved 3  months after the initiation of canagliflozin. 
Furthermore, multiple regression analysis showed that 
changes in HbA1c were an independent predictive factor 

for changes in E/e′. In line with previous studies involv-
ing T2DM patients without HF, our prospective multi-
center trial using T2DM patients with HF showed that 
SGLT2 inhibitors were associated with improvements in 
LV diastolic functional parameters including E/e′, LAVI, 
and LVMI. Although the precise mechanism of the effect 
of SGLT2 inhibitors on LV diastolic function remains 
uncertain, the increased diuresis with reduced pre-load 
by means of SGLT2 inhibitors may play an important 
role. The average E/e′ at baseline in this study was rela-
tively low because all patients were in stable HF condi-
tion. Since significant correlation was observed between 
E/e′ and pulmonary capillary wedge pressure in HF 
patients [25, 26], we believed that decreased E/e′ even in 
patients with normal range of E/e′ would be beneficial. In 
addition, BNP significantly decreased in T2DM patients 
with BNP ≥ 100 pg/mL in our study, so that SGLT2 inhib-
itors may have the potential to result in LV unloading in 
case of HF patients with an LV load at a certain level.

Clinical implication
As mentioned earlier, the pathogenesis of DM-related 
cardiac dysfunction is thought to be multifactorial, and 
possibly a key factor for the development of HFpEF in 
T2DM patients, which presents as LV diastolic dys-
function. Moreover, LV diastolic function plays an 

Fig. 3  BNP decreased significantly in T2DM patients with BNP ≥ 100 pg/mL, but not in those with BNP < 100 pg/mL



Page 7 of 8Soga et al. Cardiovasc Diabetol  (2018) 17:132 

important role for patients with HFrEF and HFmrEF 
as well as HFpEF in the development of cardiovascu-
lar events and outcomes. HFrEF has evolved into a dis-
tinct therapeutic entity partly because large outcome 
trials demonstrated the efficacy of neurohumoral 
inhibition, but no similar evolution has occurred in 
the case of HFpEF, because large trials testing neu-
rohumoral inhibition consistently failed to attain a 
positive primary outcome [27–29]. In trials testing 
angiotensin-converting enzyme inhibitors, angioten-
sin II receptor blockers, β-blockers, or mineralocorti-
coid receptor antagonists, a modest positive trend was 
sometimes observed but only for secondary outcomes 
or retrospectively defined sub-groups [29–31]. Cur-
rently, therefore, there is no effective treatment for 
LV diastolic dysfunction to improve outcomes for HF 
patients. Our study, however, showed that LV diastolic 
functional parameters including E/e′, LAVI and LVMI 
for T2DM patients with stable HF had significantly 
improved 6 months after administration of dapagliflo-
zin. Thus, our findings may well have clinical implica-
tions for better management of T2DM patients with 
HF.

Study limitations
This study covered a relatively small number of patients 
without placebo-controlled group, so that further pro-
spective studies with larger patient populations includ-
ing placebo-controlled group will be needed to validate 
our findings. According to previous studies, SGLT2 
inhibitors have the potential to result in lower blood 
pressure and weight loss for T2DM patients, in addition 
to reducing their HbA1c levels. Body weight signifi-
cantly improved 6 months after administration of dapa-
gliflozin, while HbA1c and blood pressure tended to 
decrease, but without statistical significance. The exact 
reason why SGLT2 inhibitors led to minor improve-
ments in HbA1c and blood pressure remains unclear, 
but the heterogeneity of the study population of dif-
ferent HF classifications or small number of patients 
may be related to this finding. Furthermore, Habibi 
et al. showed that the treatment with the SGLT2 inhibi-
tors (empagliflozin) improved LV diastolic function in 
obese female mice with diabetes, even in the absence 
of a reduction in blood pressure and HbA1c [32]. They 
also showed that the improvement in LV diastolic func-
tion was associated, not only with improved glycemia 
and blood pressure, but with improvements in cardiac 
structure, including reductions in interstitial myocar-
dial fibrosis and associated pro-fibrotic SGK1/ENaC 

protein expression levels, cardiomyocyte hypertrophy 
and cardiomyocyte mitochondrial ultrastructure.

Conclusion
This prospective multicenter trial showed the beneficial 
effect of the SGLT2 inhibitor dapagliflozin on LV dias-
tolic functional parameters for T2DM patients with sta-
ble HF. Our findings may thus offer a new insight into 
the management of T2DM patients complicated by HF.

Abbreviations
A: late diastolic atrial wave velocity; BNP: brain natriuretic peptide; T2DM: type 
2 diabetes mellitus; E: early diastolic trans-mitral flow wave velocity; e′: spectral 
pulsed-wave Doppler-derived early diastolic velocity from the septal mitral 
annulus; HF: heart failure; HFmrEF: heart failure with mid-range ejection frac‑
tion; HFpEF: heart failure with preserved ejection fraction; HFrEF: heart failure 
with reduced ejection fraction; LAVI: left atrial volume index; LV: left ventricular; 
LVEF: left ventricular ejection fraction; LVMI: left ventricular mass index; SGLT2: 
sodium glucose cotransporter type 2.

Authors’ contributions
FO designed the study, carried out subject recruitment, performed echocardi‑
ography, analysed the data, and wrote the manuscript. KT, YM, HS, HT, KM, JS, 
HT and TD assisted recruitment and manuscript revision. HT and HK assisted in 
study design, data interpretation and manuscript revision. All authors read and 
approved the final manuscript.

Author details
1 Division of Cardiovascular Medicine, Department of Internal Medicine, 
Kobe University Graduate School of Medicine, 7‑5‑2, Kusunoki‑cho, Chuo‑ku, 
Kobe 650‑0017, Japan. 2 Tatsumi Clinic, Himeji, Japan. 3 Division of Cardiol‑
ogy, Osaka Saiseikai Nakatsu Hospital, Osaka, Japan. 4 Division of Cardiology, 
Aijinkai Takatsuki Hospital, Takatsuki, Japan. 5 Division of Cardiology, Kobe Red 
Cross Hospital, Kobe, Japan. 

Acknowledgements
The authors are grateful for the support of the entire staff of the Division of 
Cardiovascular Medicine, Department of Internal Medicine, Kobe University 
Graduate School of Medicine Kobe Japan.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
Data sharing not applicable to this article as no datasets were generated or 
analyzed during the current study.

Consent for publication
The consent to publish was obtained from all participants in this study.

Ethics approval and consent to participate
This study was approved by the local ethics committee of Kobe University 
Hospital.

Funding
The authors declare that they have no funding.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Received: 25 September 2018   Accepted: 1 October 2018



Page 8 of 8Soga et al. Cardiovasc Diabetol  (2018) 17:132 

References
	1.	 Vazquez-Benitez G, Desai JR, Xu S, Goodrich GK, Schroeder EB, Nichols 

GA, Segal J, Butler MG, Karter AJ, Steiner JF, et al. Preventable major 
cardiovascular events associated with uncontrolled glucose, blood 
pressure, and lipids and active smoking in adults with diabetes with 
and without cardiovascular disease: a contemporary analysis. Diabetes 
Care. 2015;38(5):905–12.

	2.	 Kannel WB, McGee DL. Diabetes and cardiovascular disease. The Framing‑
ham study. JAMA. 1979;241(19):2035–8.

	3.	 Marsenic O. Glucose control by the kidney: an emerging target in diabe‑
tes. Am J Kidney Dis. 2009;53(5):875–83.

	4.	 Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, 
Mattheus M, Devins T, Johansen OE, Woerle HJ, et al. Empagliflozin, 
cardiovascular outcomes, and mortality in type 2 diabetes. N Engl J Med. 
2015;373(22):2117–28.

	5.	 Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G, Erondu N, Shaw 
W, Law G, Desai M, Matthews DR, et al. Canagliflozin and cardiovascular 
and renal events in type 2 diabetes. N Engl J Med. 2017;377(7):644–57.

	6.	 Rosenstock J, Jelaska A, Frappin G, Salsali A, Kim G, Woerle HJ, Broedl UC. 
Investigators E-RMT: improved glucose control with weight loss, lower 
insulin doses, and no increased hypoglycemia with empagliflozin added 
to titrated multiple daily injections of insulin in obese inadequately 
controlled type 2 diabetes. Diabetes Care. 2014;37(7):1815–23.

	7.	 Haring HU, Merker L, Seewaldt-Becker E, Weimer M, Meinicke T, Woerle 
HJ, Broedl UC. Investigators E-RMT: empagliflozin as add-on to met‑
formin plus sulfonylurea in patients with type 2 diabetes: a 24-week, 
randomized, double-blind, placebo-controlled trial. Diabetes Care. 
2013;36(11):3396–404.

	8.	 Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, Silverman 
MG, Bansilal S, Bhatt DL, Leiter LA, et al. The design and rationale for the 
dapagliflozin effect on cardiovascular events (DECLARE)-TIMI 58 trial. Am 
Heart J. 2018;200:83–9.

	9.	 Andersen OS, Smiseth OA, Dokainish H, Abudiab MM, Schutt RC, 
Kumar A, Sato K, Harb S, Gude E, Remme EW, et al. Estimating left 
ventricular filling pressure by echocardiography. J Am Coll Cardiol. 
2017;69(15):1937–48.

	10.	 Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, Falk 
V, Gonzalez-Juanatey JR, Harjola VP, Jankowska EA, et al. 2016 ESC Guide‑
lines for the diagnosis and treatment of acute and chronic heart failure: 
the Task Force for the diagnosis and treatment of acute and chronic heart 
failure of the European Society of Cardiology (ESC) Developed with the 
special contribution of the Heart Failure Association (HFA) of the ESC. Eur 
Heart J. 2016;37(27):2129–200.

	11.	 Boulton AJ, Gries FA, Jervell JA. Guidelines for the diagnosis and out‑
patient management of diabetic peripheral neuropathy. Diabet Med. 
1998;15(6):508–14.

	12.	 Daimon M, Akaishi M, Asanuma T, Hashimoto S, Izumi C, Iwanaga S, Kawai 
H, Toide H, Hayashida A, Yamada H, et al. Guideline from Japanese Society 
of Echocardiography: 2018 focused update incorporated into guidance 
for the management and maintenance of echocardiography equipment. 
J Echocardiogr. 2018;16(1):1–5.

	13.	 Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, 
Flachskampf FA, Foster E, Goldstein SA, Kuznetsova T, et al. Recommenda‑
tions for cardiac chamber quantification by echocardiography in adults: 
an update from the american society of echocardiography and the 
European association of cardiovascular imaging. J Am Soc Echocardiogr. 
2015;28(1):1–39.e14.

	14.	 Devereux RB, Alonso DR, Lutas EM, Gottlieb GJ, Campo E, Sachs I, Reichek 
N. Echocardiographic assessment of left ventricular hypertrophy: com‑
parison to necropsy findings. Am J Cardiol. 1986;57(6):450–8.

	15.	 Iribarren C, Karter AJ, Go AS, Ferrara A, Liu JY, Sidney S, Selby JV. Glycemic 
control and heart failure among adult patients with diabetes. Circulation. 
2001;103(22):2668–73.

	16.	 Fang ZY, Prins JB, Marwick TH. Diabetic cardiomyopathy: evidence, mech‑
anisms, and therapeutic implications. Endocr Rev. 2004;25(4):543–67.

	17.	 Boyer JK, Thanigaraj S, Schechtman KB, Perez JE. Prevalence of ventricular 
diastolic dysfunction in asymptomatic, normotensive patients with 
diabetes mellitus. Am J Cardiol. 2004;93(7):870–5.

	18.	 Chavali V, Tyagi SC, Mishra PK. Predictors and prevention of diabetic 
cardiomyopathy. Diabetes Metab Syndr Obes. 2013;6:151–60.

	19.	 Venskutonyte L, Jarnert C, Ryden L, Kjellstrom B. Longitudinal develop‑
ment of left ventricular diastolic function in patients with type 2 diabetes. 
Diabetes Care. 2014;37(11):3092–7.

	20.	 Solini A, Giannini L, Seghieri M, Vitolo E, Taddei S, Ghiadoni L, Bruno RM. 
Dapagliflozin acutely improves endothelial dysfunction, reduces aortic 
stiffness and renal resistive index in type 2 diabetic patients: a pilot study. 
Cardiovasc Diabetol. 2017;16(1):138.

	21.	 Kim SR, Lee YH, Lee SG, Kang ES, Cha BS, Lee BW. The renal tubular 
damage marker urinary N-acetyl-beta-d-glucosaminidase may be more 
closely associated with early detection of atherosclerosis than the 
glomerular damage marker albuminuria in patients with type 2 diabetes. 
Cardiovasc Diabetol. 2017;16(1):16.

	22.	 Kusaka H, Koibuchi N, Hasegawa Y, Ogawa H, Kim-Mitsuyama S. Empagli‑
flozin lessened cardiac injury and reduced visceral adipocyte hypertro‑
phy in prediabetic rats with metabolic syndrome. Cardiovasc Diabetol. 
2016;15(1):157.

	23.	 Verma S, Garg A, Yan AT, Gupta AK, Al-Omran M, Sabongui A, Teoh H, 
Mazer CD, Connelly KA. Effect of empagliflozin on left ventricular mass 
and diastolic function in individuals with diabetes: an important clue to 
the EMPA-REG OUTCOME trial? Diabetes Care. 2016;39(12):e212–3.

	24.	 Matsutani D, Sakamoto M, Kayama Y, Takeda N, Horiuchi R, Utsunomiya 
K. Effect of canagliflozin on left ventricular diastolic function in patients 
with type 2 diabetes. Cardiovasc Diabetol. 2018;17(1):73.

	25.	 Matsushita K, Minamishima T, Goda A, Ishiguro H, Kosho H, Sakata K, 
Satoh T, Yoshino H. Comparison of the reliability of E/E′ to estimate 
pulmonary capillary wedge pressure in heart failure patients with pre‑
served ejection fraction versus those with reduced ejection fraction. Int J 
Cardiovasc Imaging. 2015;31(8):1497–502.

	26.	 Lam CS, Roger VL, Rodeheffer RJ, Borlaug BA, Enders FT, Redfield MM. 
Pulmonary hypertension in heart failure with preserved ejection fraction: 
a community-based study. J Am Coll Cardiol. 2009;53(13):1119–26.

	27.	 Paulus WJ, van Ballegoij JJ. Treatment of heart failure with normal ejection 
fraction: an inconvenient truth! J Am Coll Cardiol. 2010;55(6):526–37.

	28.	 Holland DJ, Kumbhani DJ, Ahmed SH, Marwick TH. Effects of treatment 
on exercise tolerance, cardiac function, and mortality in heart failure 
with preserved ejection fraction. A meta-analysis. J Am Coll Cardiol. 
2011;57(16):1676–86.

	29.	 Hernandez AF, Hammill BG, O’Connor CM, Schulman KA, Curtis LH, 
Fonarow GC. Clinical effectiveness of beta-blockers in heart failure: 
findings from the OPTIMIZE-HF (Organized Program to Initiate Lifesaving 
Treatment in Hospitalized Patients with Heart Failure) Registry. J Am Coll 
Cardiol. 2009;53(2):184–92.

	30.	 Anand IS, Rector TS, Cleland JG, Kuskowski M, McKelvie RS, Persson H, 
McMurray JJ, Zile MR, Komajda M, Massie BM, et al. Prognostic value 
of baseline plasma amino-terminal pro-brain natriuretic peptide and 
its interactions with irbesartan treatment effects in patients with heart 
failure and preserved ejection fraction: findings from the I-PRESERVE trial. 
Circ Heart Fail. 2011;4(5):569–77.

	31.	 Solomon SD, Claggett B, Lewis EF, Desai A, Anand I, Sweitzer NK, O’Meara 
E, Shah SJ, McKinlay S, Fleg JL, et al. Influence of ejection fraction on 
outcomes and efficacy of spironolactone in patients with heart failure 
with preserved ejection fraction. Eur Heart J. 2016;37(5):455–62.

	32.	 Habibi J, Aroor AR, Sowers JR, Jia G, Hayden MR, Garro M, Barron B, May‑
oux E, Rector RS, Whaley-Connell A, et al. Sodium glucose transporter 2 
(SGLT2) inhibition with empagliflozin improves cardiac diastolic function 
in a female rodent model of diabetes. Cardiovasc Diabetol. 2017;16(1):9.


	Impact of dapagliflozin on left ventricular diastolic function of patients with type 2 diabetic mellitus with chronic heart failure
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study population
	Study protocol
	Echocardiographic examination
	Definitions of end point
	Statistical analysis

	Results
	Patient characteristics
	Comparison of patient characteristics at baseline and 6 months after administration of dapagliflozin
	Primary end point
	Secondary end point

	Discussion
	Characteristics of HF in T2DM
	Impact of SGLT2 inhibitors on LV diastolic functional parameters
	Clinical implication
	Study limitations

	Conclusion
	Authors’ contributions
	References




